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Abstract 
The discovery of superconductivity in FeAs based compounds has generated tremendous interest in the search for new 
superconducting materials. The toxic nature of As naturally calls for the search for alternative materials with similar structure which 
may be superconducting. LaNiBiO1-x has the same structure as FeAs-1111. We have grown LaNiBiO1-x thin films on (100) MgO 
substrate by reactive molecular beam epitaxy (RMBE). Films were grown by simultaneous evaporation of La, Ni and Bi from 
elemental sources by electron beam evaporators and the in situ oxidation is achieved by an RF activated oxygen radical source. The 
reflection high energy electron diffraction and X-ray diffraction analysis revealed that the films were polycrystalline in nature. The 
LaNiBiO1-x phase forms only in a very narrow growth parameter window and is very sensitive to the oxidation conditions. The 
polycrystalline films have a Tc (onset) of ~ 5.5 K. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
The discovery of superconductivity in iron-based compounds and the subsequent rise in the superconducting 
transition temperature by the substitution of various atomic sites has sparked intense research in the field and has lead 
to the discovery of many materials with a variety of compositions and structures [1-9]. The FeAs-based 
superconductors have relatively high Tc with the highest reported for GdFeAsO [6]. Among the various compounds 
discovered in this family of superconductors, the so called FeAs-1111 structure and FeAs-122 structure compounds 
have attracted more interest because of their higher Tc values. Interestingly, this new family of superconductors offer a 
wide range of substitution possibilities. For example, in the LaFeAsO compound, La can be substituted by other rare-
earths, Fe by transition metals and As by pnictogens. The substitution of La by other rare-earth atoms has already paid 
dividends by raising the Tc to 56 K, the highest in this class of materials [6]. Also, as As is toxic, the search for As free 
materials which are superconducting is an important area of research. The obvious choice for the substitution of As is 
by Sb or Bi and also by Se or Te. We have chosen a different path from the conventional approach of bulk synthesis by 
following the thin film synthesis approach by reactive molecular beam epitaxy (RMBE). RMBE is a synthetic 
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Fig. 1. Schematic representation of reactive molecular beam epitaxy setup. 
synthesis technique which offers some advantage over the conventional bulk synthesis technique. As the various 
elemental species are supplied separately in a controlled manner in RMBE, it is easy to study composition 
dependencies or the substitution of one element by another. Also, one could utilise the substrate influence on the film 
to stabilise metastable phases by the choice of a suitable substrate [10,11], another advantage being the low 
temperature processing. As mentioned earlier, the search for As free pnictide superconductors, the obvious substitution 
is by Sb or Bi and it was reported that LaNiBiO1-x, which is isostructural to FeAs-1111, shows superconductivity with 
a Tc of ~ 4 K [12]. We thought of the growth of LaNiBiO1-x (LNBO) by RMBE as the first step in the search for new 
superconducting materials. As LNBO consists of two different anions, it is challenging to synthesize thin films of this 
material. We have grown LNBO thin films on (100) MgO substrates and the films were polycrystalline in nature. 
LNBO films grow in a narrow window of growth parameters and showed a Tc onset of ~ 5.5 K, even though no Tc,0
was observed down to 4.2 K.  
2. Experimental 
The LNBO thin films were grown by RMBE in a custom designed ultra high vacuum (UHV) chamber (base 
pressure of ~10-9 mbar) with a load-lock chamber arrangement. A schematic of our RMBE setup is shown in Fig. 1. 
The UHV growth chamber is equipped with three electron beam evaporation guns which allow the evaporation of 
three separate elements simultaneously. Collimated quartz crystal microbalance (QCM) sensor heads enables the rate 
monitoring and control of the various e-guns by means of a feedback loop with the help of a state-of-the-art 4 channel 
thin film deposition controller (Cygnus, Inficon). This in turn allows the precise rate control and monitoring of the 
individual elemental species in real time. High purity La (Lesker, 99.9%), Ni (ChemPur, 99.995%) and Bi (ChemPur, 
99.999%) metals were evaporated by e-beam evaporators in the desired rates. The rates were individually calibrated by 
a QCM sensor at the substrate position as well as by ex situ techniques like x-ray reflectivity. The rates were chosen in 
such a way that the film growth rate of 0.7 to 1 Å/s is achieved on the substrates. In situ oxidation was achieved by a 
RF activated oxygen radical source (HD25, Oxford Applied Research) which offers strong and controllable oxidation 
during film growth. In the present study, the oxidation conditions were varied by adjusting the oxygen flow rate (0.17 
to 1 sccm) and by varying the RF power (0 – 200 W). Reflection high energy electron diffraction (RHEED) was used 
for the real time monitoring of the growth process. (100) MgAl2O4 and (100) MgO substrates were mainly used in the 
study as they offer a closer lattice match. The MgO substrates were pre-annealed at 1000 °C in an external furnace for 
12 h in air as it is reported to improve the surface quality of MgO substrates [13]. The substrates were glued to a 
stainless steel substrate holder with silver paste and were radiantly heated. The substrate temperature was controlled by 
a thermocouple and calibrated by an optical pyrometer. Substrate rotation of ~ 50 rpm was used to ensure 
compositional homogeneity of the grown films. The substrate temperatures used in this study ranged from 400 to 
600 °C. Substrates were heated to the desired temperature before starting the film growth and after the growth process 
is terminated by closing the shutter, the oxygen supply was stopped before stopping the e-gun sources (in order to 
prevent unwanted oxidation). This was followed by switching off the substrate heater and the films were then cooled 
down below 100 °C in vacuum before removing from the chamber for further characterisation. The typical film 
302   A. Buckow et al. /  Physics Procedia  27 ( 2012 )  300 – 303 
Fig.2. 2 T - T  XRD pattern of LaNiBiO1-x thin film grown on (100) MgO by RMBE. 
thickness was ~ 500 Å which was estimated by a Dektak 8000 thickness profilometer. The samples were characterised 
by x-ray diffraction (Rigaku, SmartLab) with Cu-KD radiation and temperature – resistivity measurements. 
3. Results and discussion 
The LNBO thin films grown on both MgO and MgAl2O4 substrates were always polycrystalline for the growth 
parameter range investigated as evident from the ring like RHEED pattern observed during growth. The x-ray 
diffraction studies showed the presence of very weak reflection from the LNBO phase for a very narrow window of 
oxidation conditions between 0.17 and 0.24 sccm flow rate with an applied RF power of 200 W. We have identified in 
our LNBO films the (102) and (110) reflections of LNBO phase reported in reference 12 with a- and c-axis lattice 
parameters of 4.073 Å and 9.301 Å , respectively. The oxidation conditions during growth very much affect the LNBO 
phase with higher flow rate than 0.3 sccm resulting in transparent films. Such LNBO films did not show any presence 
of the LNBO phase and mainly consist of La2O3 judging from the XRD pattern. The typical 2T– T XRD pattern of the 
LNBO thin film grown on (100) MgO is shown in Fig. 2. The XRD patterns showed very weak reflections of LNBO 
phase. Varying the substrate temperature did not improve the situation much, other than a partial texturing (also 
observed in the RHEED by the presence of arc like diffraction patterns). Higher growth temperature like 600 °C lead 
to Bi deficiency and it was difficult to compensate this even with high rates of Bi (higher rates of Bi lead to the failure 
of the control QCM crystals faster). We have chosen 480 °C for our further studies by varying the oxidation conditions 
as well as the effect of composition.  
As pointed out earlier, the oxidation conditions played an important role in the LNBO growth. Even though it was 
difficult to spot the changes by XRD at the oxygen flow rate in the range of 0.17 to 0.24 sccm, the 
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Fig. 3. Temperature-resistivity curve of LaNiBiO1-x thin films grown on (100) MgO substrates at (a) 0.17 sccm and (b) 0.24 sccm 
oxygen flow during growth. The RF power applied was 200 W. 
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temperature-resistivity measurements showed a clear difference. The room temperature resistivity increased steeply 
with increase in flow rate from 0.17 to 0.24 sccm. The room temperature resistivity values were 2 m:cm and 
20 m:cm for 0.17 sccm and 0.24 sccm, respectively. LNBO films grown for flow rates above 0.24 sccm showed 
insulating behaviour. The LNBO thin films grown with an oxygen flow rate of 0.17 or 0.18 sccm gave a Tc onset 
around 5.5 K, but no Tc,0 was observed down to 4.2 K. The LNBO films grown with oxygen flow above 0.18 sccm did 
not show any onset in transition down to 4.2 K.  
Figure 3 shows the temperature versus resistivity curve of LNBO thin films grown on MgO substrates with 
0.18 sccm and 0.24 sccm flow of oxygen (RF power 200 W). The films grown with 0.24 sccm oxygen flow show 
semiconducting behaviour in the temperature range of 300 K down to 4.2 K. It is obvious from the results that it is 
essential to use oxygen flow rates lower than 0.17 sccm (lower oxidation conditions) for obtaining better LNBO thin 
films. Unfortunately, it is not possible in the present configuration of our RMBE setup to run the oxygen radical source 
below 0.17 sccm and lower RF power as it fails to sustain the cracking of the oxygen molecules at this lower flow rates. 
It should be pointed out that the onset of superconducting transition observed is higher than the one reported by 
Kozhevnikov et al. [12].
4. Conclusions 
We have grown As free pnictide LaNiBiO1-x thin films by reactive molecular beam epitaxy on MgO and MgAl2O4
single crystal substrates. The films were polycrystalline as evident from the RHEED as well as XRD data. The 
temperature-resistivity measurements gave a superconducting onset of about 5.5 K, but no Tc,0 was observed down to 
4.2 K. It is found that the LNBO films grow in a very narrow window of growth conditions and are very sensitive to 
the oxidation conditions during growth due to the presence of two anions.  
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